Template-free method to fabricate polymer-derived microporous SiOC ceramic composite with magnetic property and its application by 张佩
学校编码：10384                                分类号______密级______ 










Template-free method to fabricate polymer-derived 
microporous SiOC ceramic composite with magnetic 




指导教师姓名： 余 兆 菊  副 教 授
专 业 名 称： 高分子化学与物理
论文提交日期： 2 0 1 5 年 5  月
论文答辩时间： 2 0 1 5 年 6 月


























Template-free method to fabricate polymer-derived 
microporous SiOC ceramic composite with magnetic 







A Thesis Presented for Master of Science  




Advisor: Associate Professor Zhaoju Yu  
 
Department of Materials Science and Engineering  

























另外，该学位论文为（                ）课题（组）的研究成
果，获得（                ）课题（组）经费或实验室的资助，在






























































摘要 .............................................................................................................................. II 
Abstract ....................................................................................................................... IV 
第一章绪论 ................................................................................................................... 1 
1.1 引言 ................................................................................................................ 1 
1.2 聚合物先驱体陶瓷法制备多孔陶瓷 ............................................................ 2 
1.2.1 模板法 .................................................................................................... 3 
1.2.2 无模板法 ................................................................................................. 6 
1.3 磁性金属改性聚碳硅烷的研究 .................................................................. 10 
1.3.1 纤维 ...................................................................................................... 11 
1.3.2 纳米复相陶瓷 ...................................................................................... 11 
1.3.3 低维纳米材料 ...................................................................................... 14 
1.4 Fe 催化降解应用研究 .................................................................................. 15 
1.5 研究背景及目的 .......................................................................................... 16 
参考文献 ............................................................................................................. 18 
第二章实验部分 ......................................................................................................... 27 
2.1 试剂和仪器 .................................................................................................. 27 
2.1.1 试剂 ....................................................................................................... 27 
2.1.2 仪器设备 .............................................................................................. 27 
2.2 分析测试方法 .............................................................................................. 27 
2.2.1 FTIR 测试方法 ..................................................................................... 28 
2.2.2 NMR 测试方法 ..................................................................................... 28 
2.2.3 N2 吸附测试方法 .................................................................................. 28 
2.2.4 TGA-MS 测试方法 ............................................................................... 28 
2.2.5 XRD 测试方法 ...................................................................................... 28 
2.2.6 SEM 测试方法 ...................................................................................... 28 
2.2.7 TEM 测试方法 ...................................................................................... 28 
2.2.8 EDS 测试方法 ...................................................................................... 29 
2.2.9 VSM 测试方法 ..................................................................................... 29 
2.2.10 电磁参数测试方法 ............................................................................. 29 
2.2.11 紫外可见分光光度计测试方法 ........................................................ 29 
2.3 实验方法 ...................................................................................................... 29 
2.3.1 合成实验 .............................................................................................. 29 
2.3.2 热交联实验 .......................................................................................... 30 
2.3.3 陶瓷化实验 .......................................................................................... 30 
2.3.4 催化降解实验 ...................................................................................... 31 

















面的应用 ..................................................................................................................... 33 
3.1 引言 .............................................................................................................. 33 
3.2 结果与讨论 .................................................................................................. 34 
3.2.1 AHPCS-Fe 的合成与表征 .................................................................... 34 
3.2.2 AHPCS-Fe 的合成机理研究 ................................................................ 37 
3.2.3 AHPCS-Fe 的交联与陶瓷化研究 ........................................................ 40 
3.2.4  Fe/SiOC 微孔陶瓷的表征及成孔机理分析 ..................................... 48 
3.2.5 催化降解应用研究探索 ....................................................................... 51 
3.3 本章小结 ...................................................................................................... 59 
参考文献 ............................................................................................................. 60 
第四章 Fe/SiOC 纳米复相陶瓷的制备及其吸波性能研究.................................... 64 
4.1 引言 .............................................................................................................. 64 
4.2 结果与讨论 .................................................................................................. 65 
4.2.1 陶瓷微结构演变 .................................................................................. 65 
4.2.2 陶瓷磁性能 .......................................................................................... 73 
4.2.3 陶瓷吸波性能 ...................................................................................... 77 
4.3 本章小结 ...................................................................................................... 84 
参考文献 ............................................................................................................. 86 
第五章 Co/SiOC 纳米复相陶瓷的制备及其吸波性能研究 ................................... 89 
5.1 引言 .............................................................................................................. 89 
5.2 结果与讨论 ................................................................................................... 90 
5.2.1 AHPCS-Co 的合成与表征 ................................................................... 90 
5.2.2 AHPCS-Co 的交联与陶瓷化研究 ....................................................... 93 
5.2.3 Co/SiOC 微(介)孔陶瓷的制备及表征 ................................................. 96 
5.2.4 陶瓷微结构演变 .................................................................................. 97 
5.2.5 陶瓷磁性能 ........................................................................................ 100 
5.2.6 陶瓷吸波性能 .................................................................................... 101 
5. 3 本章小结 ................................................................................................... 104 
参考文献 ........................................................................................................... 105 
第六章总结与展望 ................................................................................................... 107 
6.1 总结 ............................................................................................................ 107 
6.2 展望 ............................................................................................................ 108 
附录：硕士期间发表成果 ....................................................................................... 109 























Abstract in English……………………………………………..….…………….....IV 
Chapter 1Introduction…………………………………………….………................1 
1.1Introduction………………………………… …………………………...…....1 
1.2 Synthesis of porous ceramics via polymer-derived ceramicroute…….……...2 
1.2.1 Template-assisted technique…………………………… ………….…...3 
1.2. 2 Template-free technique………………. ………………………….…...6 
1.3 Magentic metal modified polycarbosilane………………… ………….……10 
1.3.1 Fibers……………………………..………………………………....…11 
1.3.2 Nanocomposite ceramics……………………………………...….…....11 
1.3.3 Low-dimensional nanomaterials………………………...……….…....14 
1.4Degradation application of iron-containing compound ……………….….…15 
1.5 Background and objective of this thesis………………….. …………….….16 
References……………………………………….....………………..……….…18 
Chapter 2 Experimental…………………………………………………………....27 













2.2.10 Electromagnetic parameters…………………………………..……...29 
2.2.11 UV-visible spectrophotometer………………………………….……29 
2.3 Experiment methods……………………………………………….…..……29 
2.3.1 Synthesis…………………………………………………….…….......29 
2.3.2 Ceramic conversion………………………………………….………..30 
2.3.3Ceramicconversion…………………………………………….….…...30 
















Chapter 3 Single-source-precursor synthesis and catalytic application of 
magnetic microporous Fe/SiOCceramics................................................................33 
3.1 Introduction……………………………………………………………..…..33 
3.2 Results and discussion………………………………………………….…...34 
3.2.1 Synthesis and characterization of AHPCS-Fe…………………….…..34 
3.2.2 Synthesis mechanism of AHPCS-Fe……………………………....….37 
3.2.3 Cross-linking and ceramic conversion of AHPCS-Fe…………..….....40 
3.2.4 Characterization and pore formation mechanism of 
Fe/SiOCmicroporous ceramics…………………………….…………48 
3.2.5 Preliminary studies on catalytic degradation of dyes……….….…..…51 
3.3 Conclusions………………………………………………………….…........59 
References………………………………………...………………….. ..………60 
Chapter 4 Synthesis and microwave absorption properties of Fe/SiOC ceramic 
nanocomposites……………………………………………………………………...64 
4.1Introduction…………………………………………………….……….…...64 
4.2 Results and discussion……………………………………………….……...65 
4.2.1 Microstructure evolution of ceramics………………………….……...65 
4.2.2 Magnetic properties of ceramics……………………………….….…..73 
4.2.3 Microwave absorption properties of ceramics………………….……..77 
4.3 Conclusions………………………………………………………….……....84 
References………………………………………...………………….…………86 
Chapter 5 Synthesis and microwave absorption properties of Fe/SiOC ceramic 
nanocomposites………………………...……………………………………………89 
5.1 Introduction ………………………………………………………….……..89 
5.2 Results and discussion……………………………………………….……...90 
5.2.1 Synthesis and characterization of AHPCS-Co………………….….….90 
5.2.2 Cross-linking and ceramic conversion of AHPCS-Co………….….….93 
5.2.3 Synthesis and characterization of Co/SiOC microporous ceramics…..96 
5.2.4 Microstructure evolution of ceramics…………………………...….....97 
5.2.5 Magnetic properties of ceramics…………………………………......100 
5.2.6 Microwave absorption properties of ceramics………………….…....101 
5. 3 Conclusions……………………………………………………….……....104 
References………………………………………...………………….. ………105 


















































其次，以 Fe/SiOC 微孔陶瓷为催化剂载体，利用磁性将 Fe3O4 纳米颗粒吸至
表面，配合 H2O2 对二甲酚橙进行催化氧化，对 Fe/SiOC 微孔陶瓷在催化染料降
解领域的应用进行探索。结果表明，将 Fe3O4 纳米颗粒负载到 Fe/SiOC 微孔陶瓷
后，可起到加速催化二甲酚橙氧化的效果。 
最后，以上述制备的 AHPCS-Fe、AHPCS-Co 先驱体在 1100~1500℃的高温
下热解，制得纳米复相陶瓷，并对陶瓷的电磁性能及吸波性能进行考察。结果表




























































Template-free synthesis of polymer-derived microporous ceramics is developed 
based on therelease of gaseous by-products during the pyrolytic transformation of 
polymeric precursors or the carbothermal reaction of ceramics. However, owing to the 
significant volume shrinkage, the pores generated during the polymer-to-ceramic 
transformation are not stable and disappear as the thermolysis temperature increases. 
Therefore, fabricating stable porous ceramics at relatively high pyrolysis temperatures 
(600-800℃) is still changelling in the field of PDC. In addition, little attention was 
paid on the applications of porous ceramics. 
In this thesis, microporous SiC-based ceramics were fabricated by the 
thermolysis of magnetic-metal-modified polycarbosilanes at 600-700℃. And then, 
catalytic application of Fe/SiOC microporous ceramics was investigatedas an 
organicdye as a model molecule. The introduction of magnetic metal endows the 
resultant ceramics magnetic propertiesandimproves magnetic loss and microwave 
absorption properties of the ceramic nanocomposites as well. 
Firstly,  Fe/SiOC microporous and Co/SiOC micro/mesoporous ceramics were 
successfully fabricated by the pyrolysis (600-700℃ ) of ferric acetylacetonate 
(Fe(acac)3) and cobalt acetylacetonate (Co(acac)3) modified 
allylhydridopolycarbosilane (AHPCS), respectively. The results show that the 
introduction of acetylacetone metal compoundcontributs to preparing microporous 
ceramics, as follows: (1) its decompositionevolvesgas molecules such as CO and CO2, 
which facilitates the formation of pores; (2) it increases the cross-linking degree of 
precursors, which reduces the shrinkage and collapse of pores; (3)itsdecomposition in 
situ forms nanofillers including metal and/or metal oxides, which reinforce the 
nanoporous structure and reduce collapse of the nanopores as a result of viscous flow.  
Secondly, Fe3O4 magnetic nanoparticles (MNPs) were immobilizedonto the 
surface of Fe/SiOC microporous ceramics by magnetic attraction and used to catalyze 
the degradation of xylenol orangewith H2O2 as oxidant, which shows 

















Fe3O4 nanoparticles.  
Finally, Fe/SiOC and Co/SiOC ceramic nanocomposites were prepared by the 
pyrolysis of AHPCS-Fe and AHPCS-Co at 1100~1500℃, respectively, and their 
electromagnetic and microwave absorption properties were thus investigated. The 
results show that the introduction ofmetals improves the growth of β-SiC crystalline, 
the average dielectric loss (from 0.045 to 0.15)andmagnetic loss of the final ceramic 
nanocomposites.  
 
Keywords: Template-free method; Ferric acetylacetonate and Cobalt acetylacetonate; 
















































孔径大小是多孔陶瓷孔结构的最重要特征。根据 IUPAC 分类，孔径小于 2nm
















































图 1-1 微孔/介孔/大孔材料划分示意图 
1.2 聚合物先驱体陶瓷法制备多孔陶瓷 
聚合物先驱体陶瓷法(PDC 法)指以有机聚合物作为陶瓷先驱体，经交联、高
温热解制备无机陶瓷的方法。1975 年 Yajima 教授[12]以聚碳硅烷(PCS)为先驱体，
成功制备出 SiC 纤维，开辟了以有机聚合物制备无机陶瓷、纤维的新方法。随后，
PDC 法因其可调控性、可设计性等优点，在制备无机材料方面展现出巨大潜力，
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